(19) 


Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 


(12) 


(43) Date of publication: 

23.08.2000 Bulletin 2000/34 

(21) Application number: 00301194.7 

(22) Date of filing : 1 6.02.2000 


(11) EP 1 030 488 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CL^: H04L 27/26, H04L 25/02 


(84) 

Designated Contracting States: 

• Mizoguchi, Masato, 


AT BE CH CY DE DK ES R FRGB GR IE IT LI LU 

c/o Nippon Tel. & Tel. Corp. 


MC NL FT SE 

Tokyo 163-1419 (JP) 


Designated Extension States: 

• Kumagal, Tomoaki, 


AL LT LV MK RO SI 

c/o Nippon Tel. & Tel. Corp. 
Tokyo 163-1419 (JP) 

(30) 

Priority: 18.02.1999 JP 3972199 

- Sakata, Tetsu, 


16.03.1999 JP 7039899 

c/o Nippon Tel. & Tel. Corp. 


25.10.1999 JP 30218699 

Tokyo 163-1419 (JP) 


25.10.1999 JP 30218499 

• Morikura, Masahiro, 

(71) 


c/o Nippon Tel. & Tel. Corp. 

Applicant: 

Nippon Telegraph and Telephone Corporation 

Tokyo 163-1419 (JP) 


Tokyo 100-8116 (JP) 

(74) Representative: 

Skone James, Robert Edmund 

(72) 

Inventors: 

GILL JENNINGS & EVERY 

• 

Onizawa, Takeshi, 

Broadgate House 


c/o Nippon Tel. & Tel. Corp. 

7 Eldon Street 


Tokyo 163-1419 (JP) 

London EC2M 7LH (GB) 


CM 

< 

CO 
CO 

o 

CO 


(54) Coherent detection system for multlcarrier signals 

(57) A coherent detection system for multicarrier 
modulation system capable of accurate channel estima- 
tion even in severe environment with high thermal noise 
and deep multipath fading, has been found with simple 
structure and small circuit size. The present coherent 
detection system comprises a channel estimation circuit 
(208) for estimating a channel attenuation of a preamble 
part of each subcarriers. an adaptive filter (210, 211) for 
smoothing estimated channel attenuation among sub- 
caniers. a divider (213) for coherent detection of a data 
part by dividing a receive vector by smoothed estimated 
channel attenuation for each subcarriers, and a charac- 
teristic extraction circuit (209) for extracting characteris- 
tic value of each subcarriers. Said adaptive filter (210, 
211) is controlled depending upon characteristic value 
of each subcarriers measured by said characteristic 
extraction circuit (209). A characteristic value may be 
amplitude, phase rotation, vector difference, modulation 
system, of each subcarriers, and/or combination of 
those values. 


Fig.5 
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Description 

[0001] The present invention relates to a cxjherent 
demodulation system for multichannel modulation sys- 
tem used in digital radio communication system which s 
uses multicarrier modulation system, for instance, 
OFDM (Orthogonal Frequency Division Multiplexing) as 
modulation/demodulation system. In particular, the 
present invention relates to such a system which can be 
used in an environment in which transfer function or io 
attenuation depends upon each subcarrier in multipath 
transmission circuit. 

[0002] In multicarrier modulation system, such as 
OFDM modulation/demodulation system, a plurality of 
subcarriers having orthogonal relations to each other is 
are used for transmission of communication. In a trans- 
mit side, an information signal is modulated through 
DQPSK (Differential Quadrature Phase Shift Keying) or 
16 QAM (Quadrature Amplitude Modulation) for each 
subcarriers. The modulated output is applied to IFFT 20 
(Inverse Fast Fourier Transform) for inverse transforma- 
tion so that block demodulation of OFDM signal is 
obtained. 

[0003] When a DQPSK system is used for modula- 
tion of subcarriers. a delay detection system may be 25 
used for demodulation in a receive side. However, a 
delay detection has disadvantage that the requested 
Eb/No ratio must be higher by 3 dB as compared with a 
coherent detection system. Therefore, a coherent 
detection system is preferable for providing a high qual- 30 
ity transmission circuit. 

[0004] When a coherent detection system is used in 
a demodulation circuit in a receive side, a transmit side 
may use a multi-level QAM system as a modulation sys- 
tem. The use of a multi-level QAM system increases 35 
transmission rate of information. 
[0005] When multi-paths are generated in a radio 
transmission channel between a transmit side and a 
receive side, transfer function or attenuation for propa- 
gation in the circuit depends upon each subcarriers. 40 
Therefore, if a coherent detection system is used, a 
channel transfer function or attenuation must be esti- 
mated for estimating amplitude information and phase 
information of each subcarriers which are subject to 
vary in each multipath circuit. Further, in a radio LAN 45 
(Local Area Network) which transfers information by 
using a packet, a channel transfer function or attenua- 
tion must be estimated for each packet. 
[0006] A packet has in general a preamble signal at 
the head of each packet for synchronization purpose, so 
Therefore, a coherent detection circuit may initially carry 
out channel estimation by using the preamble signal. 
However, if it takes long time for initial channel estima- 
tion, a throughput in a circuit would decrease, and 
therefore, a high speed initial channel estimation is 55 
desired. Thus, an accurate channel estimation by using 
short preamble signal is essential. 
[0007] In a radio LAN environment, it is possible to 


handle that a transmission channel is quasi-static in 
which a transmission channel does not change during a 
period of each packet. In such an environment, a coher- 
ent detection is possible only by initial channel estima- 
tion. 

[0008] On the other hand, when there is large vari- 
ation in an environment, a coherent detection system 
must carry out to estimate channel transfer function or 
attenuation continuously. 

[0009] Fig. 16 shows a block diagram of a prior 
OFDM coherent detection system, in which a coherent 
detection is carried out for each packet by using a pre- 
amble signal. This is shown in S.K.Wilson. E.K.Lhayata 
and J.M.Cioffi. "16 QAM Modulation with Orthogonal 
Frequency Devision Multiplexing in a Rayleigh- Fading 
Environment", Proc. of VTG*94, pp1660-1664. 
[0010] In Fig.16. a symbol timing detection circuit 1 
detects a symbol timing of a receive signal aid. An 
output a 102 of the symbol timing detection circuit 1 is 
applied to a S/P (serial to parallel) conversion circuit 2. 
[0011] A timing signal a1 14 detected by the symbol 
timing detection circuit 1 is applied to a control circuit 
11, which generates a signal a105 for switching a pre- 
amble part and a data part of a receive signal, and for 
deciding the duration for holding a channel estimation 
signal depending upon a period of each receive packet. 
The signal a105 is applied to a hold circuit 8. 
[0012] A Fourier transform circuit (FFT) 3 carries 
out Fourier transformation of an OFDM demodulation 
signal a103. That is, a parallel input signal a103 in time- 
domain is converted into a parallel signal a104 in fre- 
quency<lomain. An output a104 of the Fourier trans- 
form circuit 3 is a receive vector signal of each 
subcarriers. 

[0013] The signal a104 is applied to a P/S (parallel 
to serial) conversion circuit 4 which converts a parallel 
input signal to a serial output signal a106. The switching 
circuit 5 switches the serial signal a106 into a preamble 
signal a1 07 and a data signal al 1 1 based upon the con- 
trol signal a105 supplied by the control circuit 1 1 . 
[0014] The preamble signal al07 is applied to a 
channel estimation circuit 7. which further receives a 
reference preamble signal a108 from a preamble signal 
storage circuit 6 which stores a reference preamble sig- 
nal. The channel estimation circuit 7 carries out the 
channel estimation for a preamble signal of a receive 
vector a107 of each subcarriers by using a reference 
preamble signal a108 according to the following equa- 
tion (1). 

recelve^'^ store 

where; 

rrecotve is 3 received preamble signal a107 (complex 
number) 

fstord *s a reference preamble signal a108 (complex 
number) 
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[0015] The signal a 109 which shows the result of 
the channel estimation is applied to the hold circuit 8 
which holds the signal a109 for a packet period accord- 
ing to the control signal a105. 

[0016] On the other hand, the data signal alii is 
applied to a divider circuit 9 which further receives an 
output a1 10 of the hold circuit 8. The divider circuit 9 
carries out the division (a111/a110) so that coherent 
detection is obtained. The signal a112 obtained by the 
coherent detection is applied to a decision circuit 10 
which decides a data (0 or 1) and outputs the decided 
output signal a113. 

[0017] As described above, a coherent detection 
circuit in Fig. 16 carries out the complex division of a 
received preamble signal by a reference preamble sig- 
nal stored in the storage circuit 6 for the channel estima- 
tion. 

[0018] Fig. 17 shows another prior coherent detec- 
tion circuit which has a carrier filter. This is described in 
P. Hoeher, "TCM on Frequency-Selective Land-Mobile 
Fading Channels", Proc. of 5th Tirrenia International 
Workshop Digital Communication, Tirrenia, Italy, sept. 
1991. 

[0019] The most portions of Fig.1 7 are the same as 
those of Fig. 16. except that Fig. 17 has a carrier filter 
1011 at the output of the channel estimation circuit 107. 
[0020] In Fig. 17. a symbol timing detection circuit 
101 detects a symbol timing in a receive signal a1 101. 
An output a1102 of the symbol timing detection circuit 
101 is applied to a S/P conversion circuit 102. 
[0021] A timing signal a1 1 15 provided by the sym- 
bol timing detection circuit 101 is applied to a control cir- 
cuit 1012. which generates a control signal a1105 
according to a timing signal all 15. The control signal 
a1 105 functions to switch a preamble part and a data 
part of a receive signal, and to hold a signal according 
to duration of a receive packet. 

[0022] A parallel signal a1103 of an output of the 
S/P conversion circuit 1 02 is applied to a Fourier Trans- 
form circuit 103 which provides a receive vector signal 
al 104 for each subcarriers. 

[0023] A P/S conversion circuit 104 converts a 
receive vector signal a1104 for each subcarriers into a 
serial signal al 106. A switching circuit 105 switches the 
receive vector in serial form a1 106 into a preamble sig- 
nal al 1 07 and a data signal a1 11 1 according to the con- 
trol signal a1105. 

[0024] The prean±)le signal all 07 is applied to a 
channel estimation circuit 107, which further receives a 
reference preamble signal from a preamble storage cir- 
cuit 106. The channel estimation circuit 107 carries out 
the channel estimation for a receive vector a1107 of 
each subcarriers by using a reference preamble signal 
alios from a preamble signal storage circuit 106 
according to the equation (1). The signal a1109 
obtained by the channel estimation is applied to a car- 
rier filter 1011. 

[0025] An output signal all 14 of the carrier filter 


1011 is applied to a hold circuit 108, which further 
receives a control signal a1105, and holds an input sig- 
nal all 14 for duration of data period of a receive 
packet. 

5 [0026] A data signal a1111 is applied to a divider 
109, which further receives an output al 1 10 of the hold 
circuit 1 08, and carries out the coherent detection. The 
signal a1112 obtained by the coherent detection is 
applied to a decision circuit 1010 for decision of data (0 

10 or 1). Thus, the decided data al 1 13 is obtained. 

[0027] The coherent circuit in Fig. 1 7 has the advan- 
tage that the accurate channel estimation is obtained 
because of the use of a carrier filter for the estimated 
channel transfer function or attenuation. 

15 [0028] A coherent detection system provides high 
quality of radio communication system as compared 
with a delay detection system. Further, the use of a 
coherent detection system allows the use of multi -level 
QAM modulation signal, thus, higher rate communica- 

20 tion system is obtained. 

[0029] However, a prior art in Figs. 16 and 1 7 which 
carry out the channel estimation using stored preamble 
signal has the disadvantage that the channel estimation 
would be degraded and no accurate coherent detection 

25 would be obtained in high thermal noise environment. 
[0030] Further, the use of a carrier filter In Fig.1 7 
has the disadvantage that the size of a whole circuit of a 
coherent detection system is large, and the cost of the 
system is high. 

30 [0031] It is an object, therefore, of the present 
invention to overcome the disadvantages and limitations 
of a prior coherent detection system by providing a new 
and improved coherent detection system for multicarrier 
modulation. 

35 [0032] It is also an object of the present invention to 
provide a coherent detection system for multicarrier 
modulation, which can provide accurate channel esti- 
mation error under severe environment such as high 
thermal noise and/or deep multi-path fading. 

40 [0033] It is also an object of the present invention to 
provide such a coherent detection system which is sim- 
ple in structure and small in circuit size. 
[0034] The basic idea of the present invention 
resides in that a channel estimation for a preamtDle sig- 

45 nal is first carried out as is the case of a prior art. The 
channel estimation thus obtained is a provisional chan- 
nel estimation in the present invention. The accuracy of 
the channel estimation is improved by processing each 
subcarriers in the provisional channel estimation by 

50 using an adaptive filter. The tap coefficients of the adap- 
tive filter are controlled according to a characteristic 
value of each subcarrier in the provisional channel esti- 
mation. 

[0035] The above and other objects are attained by 
55 a coherent detection system for multicarrier modulation 
system comprising; a Fourier transform circuit for 
receiving multicarrier modulation signal modulated with 
a plurality of subcarriers, and providing multicarrier 
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demodulation so that receive vector signal of each sub- 
carriers is obtained; a provisional channel estimation 
means which divides said receive vector signal of each 
subcarriers of an output of said Fourier transform circuit, 
by a reference transmit vector signal or a transmit vector 
obtained by demodulation of a receive signal, so that 
transfer function or attenuation of each subcarriers on 
propagation is estimated; a filter means for smoothing 
estimated channel transfer function from said channel 
estimation means among subcarriers; a divider means 
for dividing said receive vector signal by estimated 
channel transfer function or attenuation from said filter 
means so that said receive vector signal Is coherent 
detected; wherein said filter means is an adaptive filter 
constituted by a transversal filter in which at least one of 
a number of taps and tap coefficient of each taps is 
adaptively controllable; a characteristic extraction circuit 
receiving estimated channel attenuation of each sub- 
carriers obtained by said channel estimation means is 
provided; a selection circuit for selecting at least one of 
a number of taps and tap coefficient of each taps of said 
adaptive filter according to an output of said character- 
istic extraction circuit is provided; and said selection cir- 
cuit selects one of outputs of said adaptive filter for each 
subcarriers according to an output of said characteristic 
extraction circuit so that estimated channel attenuation 
for each subcarriers is provided. 
[0036] The channel estimation by said charviel esti- 
mation means is a provisional channel estimation, 
which is subject to improve by using an adaptive filter. 
Said divider means provides coherent detection by 
dividing a receive vector by an improved channel esti- 
mation of each subcarrier. 

[0037] It should be noted that a receive signal which 
is received through a multipath transmission channel 
having deep fading is subject to amplitude variation for 
each receive vector of a subcarrier. Further, thermal 
noise is superimposed to a receive signal. The present 
invention removes the affection of noise and fading by 
using an adaptive filter. 

[0038] However. If a filter having fixed tap coeffi- 
cients is used for all the estimated subcarriers, no accu- 
rate estimation is possible when amplitude variation due 
to fading is large. Therefore, the present invention con- 
trols tap coefficients of an adaptive filter according to a 
characteristic value of a subcarrier in order to suppress 
the degradation of channel estimation by fading. 
[0039] The present invention uses a plurality of fil- 
ters each having different tap coefficient from one 
another for smoothing estimated channel attenuation 
between subcarriers. therefore, excellent channel esti- 
mation is obtained by selecting one of the filter outputs 
adaptively. In an embodiment, a selection means 
selects an output of an adaptive filter according to an 
output signal of a characteristic extraction means for 
each subcarriers, and therefore, difference of amplitude 
and/or phase rotation among subcarriers provides less 
affection o channel estimation. 


[0040] A plurality of tap coefficients of an adaptive 
filter are implemented merely by bit shift operation in 
any embodiment. Assuming that tap coefficient of a 
center tap Is 1 . and a tap coefficient of another tap is a 

5 power of (1/2), a product multiplied by a tap coefficient 
is obtained merely by bit shift of a signal according to a 
tap position. Therefore, a plurality of fitter means are 
obtained with no additional multiplier, and size of a cir- 
cuit may be small. 

10 [0041] A characteristic value of said characteristic 
extraction means Is, for instance, estimated amplitude 
of a subcarrier, estimated phase rotation between adja- 
cent subcarriers, product of estimated amplitude and 
estimated phase rotation between adjacent subcarriers, 

75 vector difference between adjacent subcarriers, and 
product of estimated amplitude and vector difference. 
[0042] The larger a characteristic value is, the 
larger the tap coefficient of an adaptive filter is. 
[0043] Preferably, a symbol timing detection means 

20 is provided for receiving multicarrier modulation signal 
modulated on a plurality of subcarriers, and detecting a 
symbol timing in the received signal. Said Fourier Trans- 
form is carried out for the signal with a symbol timing 
detected. 

25 [0044] Preferably, a phase compensation means is 
provided between said channel estimation means and 
said adaptive filter means, so that constant phase rota- 
tion between adjacent subcan-iers is preliminary com- 
pensated, and compensated channel attenuation is 

30 applied to the adaptive filter 

[0045] Preferably, a phase-compensated extrapola- 
tion means and a phase compensation are provided 
between said channel estimation means and said adap- 
tive filter means, so that said extrapolation means 

35 receives said estimated channel attenuation of subcar- 
riers at extreme ends in pass band, effects phase com- 
pensation to a received signal according to constant 
phase error between subcarriers due to an error of an 
OFDM symbol detection window in said symbol timing 

40 detection means, and extrapolates phase compensated 
signal, when signals out of the pass band is requested 
in said adaptive filter for processing a sutx;arrier dose 
to end of the pass band, and said phase compensation 
means receives estimated channel attenuation within 

45 the pass band and extrapolated signals out of the pass 
band provided by said phase-compensated extrapola- 
tion means, effects compensation of constant phase 
rotation in received signals, and applies phase compen- 
sated signals to said adaptive filter means. 

so [0046] Preferably, a characteristic value compensa- 
tion means (1217) is provided between said channel 
estimation means (208) and said characteristic extrac- 
tion means (A), so that said characteristic value com- 
pensation means (1217) receives an output of said 

55 channel estimation means (208) including constant 
phase error due to OFDM symbol detection window 
en-or in said symbol timing detection means, compen- 
sating said constant phase error and applying phase 
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compensated signal to said characteristic extraction 
means (A). 

[0047] Preferably, an extrapolation means is pro- 
vided between said channel estimation means and said 
adaptive filter, so that said extrapolation means receives s 
said estimated channel attenuation of subcarriers. and 
extrapolates said estimated channel attenuation of sub- 
carriers at extreme ends in pass band, when signals out 
of the pass band is requested in said adaptive filter for 
processing a subcarrier close to end of the pass band. io 
[0048] Preferably, said adaptive filter means is con- 
trolled by a measured signal of modulation system of 
each subcarrier. 

[0049] Preferably, said adaptive filter means Is a 
transversal filter which controls bandwidth o1 the filter by /5 
a number of taps and tap coefficient of each taps of the 
filter. 

[0050] The foregoing and other objects, features, 
and attendant advantages of the invention will be appre- 
ciated as the same become better understood by 20 
means of the following description and drawings 
wherein; 

Fig. 1 is shows a curve of amplitude of subcarriers in 
an estimated signal, 25 
Fig. 2 is a block diagram of a transversal filter used 
in the present invention. 

Fig.3 shows a curve of phase rotation in a channel 
estimated signal. 

Fig.4 shows a curve of quantized phase rotation in 30 
a channel estimated signal, 
Flg.5 is a block diagram of an OFDM coherent 
detection system according to the present inven- 
tion, 

Fig.6 shows a format of a packet signal, 35 
Fig.7 is a block diagram of another ennbodiment of 
an OFDM coherent detection system according to 
the present invention, 

Fig. 8 is a block diagram of still another embodiment 
of an OFDM coherent detection system according 40 
to the present invention, 

Fig.9 is a block diagram of still another embodiment 
of an OFDM coherent detection system according 
to the present invention, 

Fig. 10 shows curves indicating simulation result 45 
showing effect of the present invention. 
Fig. 11 is an explanatory figure of vector difference, 
Fig. 12 is a block diagram of still another embodi- 
ment of an OFDM coherent detection system 
according to the present invention, so 
Fig. 13 is a block diagram of still another embodi- 
ment of an OFDM coherent detection system 
according to the present invention. 
Fig. 14 is a block diagram of still another embodi- 
ment of an OFDM coherent detection system ss 
according to the present invention. 
Fig. 15 shows a format of a packet signal used in the 
embodiment in Fig. 14. 


Fig. 16 is a block diagram of a prior coherent detec- 
tion system, and 

Fig. 17 is a block diagram of another prior coherent 
detection system. 

(First embodiment) 

[0051] Fig.5 shows a block diagram of an OFDM 
coherent detection system according to the present 
invention. 

[0052] It is assumed that an OFDM coherent detec- 
tion system in Fig.5 is mounted in a reception system of 
a communication system which handles a signal format 
as shown in Fig.6. In Fig.6. a pair of preamble signals 
for synchronization purpose are provided at the head of 
a data in each packet. In Fig.6. Gl shows guard interval, 
and Tw is FFT window period. 

[0053] A receive signal a201 having the signal for- 
mat as shown in ng.6 is applied to an input of an OFDM 
coherent detection system in Fig.5. 
[0054] A coherent detection system in Fig.5 com- 
prises a symbol timing detection circuit 201, an S/P 
(serial to parallel) conversion circuit 202, an FFT (Fast 
Fourier Transform) circuit 203, a P/S (parallel to serial) 
conversion circuit 204, a switching circuit 205. a running 
average filter 206 of two symbols, a preamble signal 
storage circuit 207. a channel estimation circuit 208. an 
amplitude detection circuit 209. a frequency-domain fil- 
ter 210. an output selection circuit 211. a hold circuit 
212. a division circuit 213. a decision circuit 214. and a 
control circuit 215. In the embodiment of ng.5. a char- 
acteristic extraction circuit A of each subcarrier is com- 
prised of an amplitude detection circuit 209. and an 
adaptive filter B is comprised of a frequency-domain fil- 
ter 210 and an output selection circuit 21 1 . 
[0055] The symbol timing detection circuit 201 
detects symbol timing in a receive signal a201. A 
receive signal a202 which passes the symbol timing 
detection circuit 201 is applied to the S/P conversion cir- 
cuit 202 which converts a signal from serial form into 
parallel form a203. 

[0056] The signal a203 in parallel form is applied to 
the FFT circuit 203, which carries out OFDM demodula- 
tion, in other words, a parallel signal in time domain is 
transformed into a parallel signal in frequency domain. 
An output signal a204 of the FFT circuit 203 is a com- 
plex signal indicating a receive vector of each subcar- 
rier. A parallel output signal a204 of the FFT circuit 203 
is applied to the P/S conversion circuit 204 which con- 
verts the signal from parallel form into serial form a206. 
The serial signal a206 is applied to a switching circuit 
205- 

[0057] The signal a218 indicating a symbol timing 
detected by the symbol timing detection circuit 201 is 
applied to the control circuit 215, which generates a 
control signal a205 according to an input signal a218. 
The control signal a205 is used for switching a signal in 
the switching circuit 205. and for holding a signal in the 
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hold circuit 212 according to the packet period of a 
receive packet. 

[0058] The switching circuit 205 switches an input 
signal a206 based upon whether a signal is a preamble 
part a207 or a data part a215. The preamble part a207 
is applied to the two symbols running average filter 206, 
which provides average of two OFDM symbols in time- 
domain. 

[0059] The channel estimation circuit 208 receives 
an average signal a208 of the running average filter 
206, and a reference signal a209 of the preamble signal 
storage circuit 207. The preamble signal storage circuit 
207 provides a reference preamble signal a209 which is 
stored in the storage circuit 207. 

[0060] The channel estimation circuit 208 carries 
out the channel estimation according to two input sig- 
nals a208 and a209, that is to say, the signal a208 which 
includes a receive vector of each of a plurality of subcar- 
riers in the receive OFDM signal is divided by a refer- 
ence signal a209 which is a known a transmit vector of 
said receive vector. Thus, a transfer function or attenua- 
tion in radio propagation path is estimated for each 
channels (frequencies) of the subcarriers. 
[0(^1] The channel estimation circuit 208 provides 
an output signal a210 which has the estimated result. 
That output signal a210 is applied to the amplitude 
detection circuit 209 in the characteristic extraction cir- 
cuit A, and the frequency-domain filter 210 in the adap- 
tive filter B. The amplitude detection circuit 209 provides 
an output signal a212 according to amplitude of each 
subcarries of the input signal a210. 
[0062] The frequency-domain filter 210 is a trans- 
versal filter as shown in Fig.2. in which a plurality of 
delay elements 51 (51a through 51 g) which provides 
seven tap outputs each having different timing, and 
three adders 52, 53 and 54 are provided. A bit shift cir- 
cuit between a delay element and an adder shifts a word 
of a tap output by one bit or a plurality of bits so that the 
most significant bit and/or some of the adjacent bits is 
replaced by zero. 

[0063] The frequency-domain filter 210 in Fig.2 
constitutes essentially three transversal filters having 
different tap coefficients, and providing outputs SGI, 
SG2 and SG3. It is assumed that the tap coefficient of 
the center delay element 51 d is 1, and the tap coeffi- 
cient of another delay element is determined to be a 
power of (1/2) of the tap coefficient of the adjacent delay 
element. 

[0064] An adder 52 provides a filter output SG3 
which is the sum of third tap output 51c, fourth tap out- 
put 51 d and fifth tap output 51 e. It should be noted that 
each tap outputs applied to the adder 52 are shifted by 
one bit with each other. The multiplication of tap coeffi- 
cients is carried out by the bit shift, and therefore, no 
specific multiplier is necessary for the multiplication of 
tap coefficients. 

[0065] Similarly, an adder 53 provides a filter output 
SG5 which is sum of five tap outputs 51 b, 51 c, 51 d. 51 e 


and 51f. An adder 54 provides a filter output SG7 which 
is the sum of seven tap outputs 51a 51b, 51c, 51d. 51 e, 
51f, and 51g. 

[0066] A frequency-domain filter 210 in Fig.2 has 
5 the advantage that the structure is simple as it has no 
multiplier. 

[0067] The signal a210 applied to the frequency- 
domain filter 210 is complex signal. The filter 210 car- 
ries out the filter operation for real part and imaginary 
10 part of complex signal, and then, carries out the vector 
combination. 

[0068] The output selection circuit 21 1 selects one 
of the output signals a21 1 (one of SGI , SG2 and SG3) 
of the frequency-domain filter 210. according to the 

15 amplitude a212 of each sutx;arrier. Said amplitude 212 
is detected by the amplitude detection circuit 209. The 
selected signal a213 is applied to the hold circuit 212. 
[0069] The hold circuit 21 2 holds the signal a21 3 for 
the packet receive period according to the control signal 

20 a215 of the control circuit 215. The signal a214 is an 
output signal of the hold circuit 212. 
[0070] The division circuit 213 divides a data signal 
a215 included in a receive signal by the signal a214 
from the hold circuit 212. Thus, a coherent detection is 

25 carried out. The signal a216 which is the coherent 
detection signal is applied to the decision circuit 214 
which decides a symbol (1 or 0), and the decided result 
is output as a data a21 7. 

[0071] A receive signal (estimated signal) which Is 

30 amplitude-deformed by multi-path fading is for instance 
as shown in Fig.1. in which horizontal axis shows fre- 
quency or subcarriers. and vertical axis shows signal 
amplitude of each subcarriers. In Fig.1. it is assumed 
that the average power of a receive signal is 1 . A receive 

35 signal which is received through transmission path 
which is subject to fading is subject to amplitude varia- 
tion for a receive vector of each sut>carriers, as shown in 
Fig.1 . Further, thermal noise is superposed on a receive 
signal in a receiver 

40 [0072] An OFDM coherent detection system in 
Fig.5 has a frequency-domain filter 210 for removing 
affection of noise such as thermal noise. It should be 
noted that if all the sii^carriers are processed by using 
a filter having the common tap coefficients for all the 

45 subcarriers. accurate estimation of transfer function of 
each channel is impossible when amplitude variation of 
each subcarriers is large as shown in Fig. 1 . 
[0073] In order to solve that problem, according to 
the present coherent detection system, the output 

50 selection circuit 21 1 selects on of the oututs (SGI . SG2 
or SG3) of the filter 210, according to the amplitude of 
each subcarrier detected by the amplitude detection cir- 
cuit 209. Thus, a tap coefficient of the frequency- 
domain filter is essentially controlled adaptively accord- 

55 Ing to the amplitude of each subcan^ier. 

[0074] In Rg.5. the annplitude detection circuit 209 
provides an output signal a212 which carries a quan- 
tized output damp according to the amplitude (A) of the 
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subcarriers a210, as shown in the equation (2). 

damp = 3 (1.0 <= (A) (2) 

d3^p = 2(0.5<=(A)<1.0 5 

d^^p-l (0 <=(A)<0.5 

[0075] When the frequency-domain filter 210 pro- 
vides three outputs SGI. SG2 and SG3 as shown in io 
Fig2, the quantized outputs damp correspond to outputs 
of the filter 210. 

[0076] Thus, the output selection circuit 2 1 1 selects 
the output SG7 when the amplitude of a subcarrier is 
equal to or higher than 1.0, the output SG5 when the 75 
amplitude of a subcarrier is less than 1 .0 and equal to or 
higher than 0.5, or SG3 when the amplitude of a subcar- 
rier is less than 0.5, according to the output a212 of the 
amplitude detection circuit 209. 

[0077] Of course, the structure of a frequency- 20 
domain fitter 210, the operation of quantization in an 
amplitude detection circuit 209, and selection condition 
in an output selection circuit 21 1 may be modified within 
the spirit of the invention. 

[0078] Thus, the bandwidth of an adaptive filter B is 25 
narrow when the characteristic value or an amplitude of 
a subcarrier is large, and is wide when the characteristic 
value or an amplitude of a subcarrier is small. 
[0079] Thus, a filter coefficient of a frequency- 
domain filter 2 1 0 is adaptivety modified for each subcar- 30 
riers according to the amplitude of the subcarrier signal 
a210. Therefore, even when amplitude variation among 
subcarriers is large as shown in Fig. 1 . the accurate esti- 
mation of transfer function or attenuation of each chan- 
nel is possible. 

(Second embodiment) 

[0080] Fig. 7 shows a block diagram of another 
embodiment of an OFDM coherent detection system 40 
according to the present invention. The same numerals 
in Rg.7 as those in Fig,5 show the same members. It is 
assumed that the coherent detectin system in Fig.7 
processes a signal having the format as shown in Fig.6. 
[0081] The same numerals in Fig.7 as those in 45 
Fig.5 show the same members as those in Rg.5. 
[0082] An OFDM coherent detection system in 
Fig.7 comprises a symbol timing detection circuit 201, 
an S/P (serial to parallel) conversion circuit 202. a FFT 
(Fast Fourier Transform) circuit 203. a P/S (parallel to so 
serial) conversion circuit 204. a switching circuit 205. a 
running average circuit 206 for a pair of symbols, a pre- 
amble symbol storage circuit 207, a channel estimation 
circuit 208, a phase rotation detection circuit 309, a fre- 
quency-domain filter 210. an output selection circuit 55 
31 1, a hold circuit 212, a division circuit 213, a decision 
circuit 214 and a control circuit 215. The phase rotation 
detection circuit 309 constitutes a characteristic extrac- 


tion circuit A of each subcarrier. The frequency-domain 
filter 210 and the output selection circuit 31 1 constitute 
an adaptive filter B. 

[0083] In Fig.7, the channel estimation circuit 208 
carries out channel estimation based upon two input 
signals a208 and a209. That is to say, the signal a208 
which is a preamble signal in a receive vector of each of 
a plurality of subcarriers included in a receive OFDM 
signal is divided by a signal a209 which is reference 
transmit vector. Thus, a transfer function or an attenua- 
tion on propagation path is estimated for each subcarri- 
ers. 

[0084] A signal a210 which indicates the result of 
the channel estimation in the channel estimation circuit 
208 is applied to the phase rotation detection circuit 309 
and the frequency-domain filter 210. In the signal a210 
applied to the phase rotation detection circuit 309. a plu- 
rality of signal components of a plurality of subcarriers 
are positioned sequentially. 

[0085] The phase rotation detection circuit 309 pro- 
vides a quantized phase rotation a312 between a signal 
component of a previous subcarrier and a signal com- 
ponent of a current subcarrier. The output selection cir- 
cuit 31 1 selects one of the outputs SG3. SG5 and SG7 
of the frequency-domain filter 210 according to the out- 
put signal a312 of the phase rotation detection circuit 
309. and provides selected signal a313. 
[0086] A receive signal (estimated signal) which is 
subject to multi-path fading has for instance phase dis- 
tribution as shown in Fig.3, in which horizontal axis 
shows a subcarrier number, and vertical axis shows 
phase of a signal. It should be noted in Fig.3 that phase 
of a signal which is transmitted through a propagation 
path having fading depends upon a receive vector of 
each subcarrier. Further, phase is affected by thermal 
noise in a receiver. 

[0087] The OFDM coherent detection circuit in 
Fig.7 has a frequency-domain filter 210 for removing 
affection by thermal noise. If the frequency-domain filter 
had the common tap coefficient for all the subcarriers, 
the transfer function or attenuation of each channel 
would not be estimated correctly, therefore, the output 
selection circuit 311 selects one of the outputs of the 
frequency-domain filter 210 according to the phase 
rotation measured by the phase rotation detection cir- 
cuit 309. Thus, a tap coefficient of the frequency- 
domain filter 210 is adaptively controlled according to 
phase rotation of a signal. 

[0088] The phase rotation detection circuit 309 in 
Fig.7 provides an output signal a312 of the phase rota- 
tion e between two adjacent subcarriers, by quantizing 
said phase rotation as follows. 

d phase =3(0 < pi/16) (3) 

d p,3^ = 2 (pi/16 <=e< pi/8) 

dohaso = -»(pi^S<= 6) 
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[0089] When the signal in Fig.3 is quantized 
according to the equation (3). the result as shown in 
Fig. 4 is obtained. In Fig.4, horizontal axis shows a sub- 
carrier number, and vertical axis shows quantized 
phase rotation dp^ase- 5 
[0090] When the frequency-domain filter 210 in 
Fig. 7 has three outputs SG3, SG5 and SG7 as shown in 
Fig.2, the output selection circuit 31 1 selects one of the 
outputs SG3. SG5 and SG7 according to values 1. 2 
and 3 of the quantized phase rotation dphase * respec- io 
tively. 

[0091] In other words, the output selection circuit 
31 1 selects a filter output SG7 when (e < pi/16) is satis- 
fied, a filter output SG5 when (pi/1 6 =< 6 < pi/8) is satis- 
fied, or SG3 when (pi/8 <= e) is satisfied, according to is 
an output signal a312. Of course, it should be appreci- 
ated that any modification of a frequency-domain filter 
210 and a phase rotation detection circuit 31 1 is possi- 
ble to those skilled in the art when it is requested. In any 
modification, a tap coefficient of a frequency-domain fit- 20 
ter 210 which has an output selection circuit 31 1 provide 
an output signal a313 is adaptively controlled for each 
subcarriers according to the phase rotation of the singal 
a210. 

[0092] Therefore, it should be appreciated that the 25 
circuit in Fig.7 can estimate transfer function or attenua- 
tion of each channel, even when variation of phase rota- 
tion between each channels is large. 

(Third embodiment) 30 

[0093] Fig.B shows a block diagram of still another 
embodiment of the present OFDM coherent detection 
system. The same numerals as those in Fig.5 show the 
same members. It is assumed that the system in Fig.8 35 
processes a signal shown in Fig.6. 
[0094] The OFDM coherent detection system in 
Fig.8 comprises a symbol timing detection circuit 201. 
an S/P (serial to parallel) conversion circuit 202. a FFT 
(Fast Fourier transform) circuit 203, a P/S (parallel to 40 
serial) conversion circuit 204. a switching circuit 205. a 
running average filter 206 for two symbols, a preamble 
signal storage circuit 207. a channel estimation circuit 
208, an amplitude detection circuit 409. a phase rotatron 
detection circuit 416. a multiplier 417 of two detected 45 
values, a frequency-domain filter 210, an output select 
circuit 411. a hold circuit 212, a division circuit 213, a 
decision circuit 214 and a control circuit 215. 
[0095] The amplitude detection circuit 409, the 
phase rotation detection circuit 416 and the multiplier so 
41 7 constitute a characteristic extraction circuit A. The 
frequency-domain filter 210 and the output selection cir- 
cuit 411 constitute an adaptive filter B. 
[0096] In Fig.8/the channel estimation circuit 208 
carries out channel estimate according to two Input sig- ss 
nals a208 and a209. The signal a20d which is a pream- 
ble signal included in a receive vector of a subcarrier in 
a receive OFDM signal is divided by the signal a209 
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which is a reference transmit signal. Thus, transfer func- 
tion in propagation path is estimated for each channel of 
each subcarriers. 

[0097] The signal a210 which carries the estimated 
result in the channel estimation circuit 208 is applied to 
the amplitude detection circuit 409, the phase rotation 
detection circuit 416 and the frequency-domain filter 
210. The signal a210 has a plurality of signal compo- 
nents of subcarriers sequentially. 
[0098] The amplitude detection circuit 409 provides 
an output signal a4l2 which carries quantized ampli- 
tude of each subcarriers in the signal a210, as is the 
case of the amplitude detection circuit 209 in Fig.5. 
[0099] The phase rotation detection circuit 41 6 pro- 
vides an output signal a418 which carries quantized 
phase rotation between a previous subcarrier and a cur- 
rent subcarrier for each subcarriers in an input signal 
a210. The multiplier circuit 417 provides the product of 
the signals a412 and a418 so that the charactristic sig- 
nal a419 of each subcarrier is provided. The signal a419 
is a quantized value ,such as 1 , 2 or 3. which is applied 
to the output selection circuit 41 1 . 
[0100] The output selection circuit 41 1 selects one 
of the outputs (SG3, SG5 and SG7 in Fig.2) of the fre- 
quency-domain filter 210. according to the output signal 
a419 of the multiplier circuit 417. The selected signal is 
output as a413. 

[0101] The OFDM coherent detection system in 
Fig.8 measures both the amplitude of the signal a210, 
and the phase rotation of the signal a210. as the char- 
acteristic value of each subcarrier, so that the character- 
istic of the frequency-domain filter 210 which processes 
a receive signal is determined. 

[0102] Thus, it should be appreciated that the 
coherent detection system in Fig.8 can estimate trans- 
fer function or attenuation of each channel even when 
variation of amplitude and phase rotation of each chan- 
nel is large as shown in Figs.1 and 3. 

(Fouth embodiment) 

[01 03] Fig.9 shows a block diagram of still another 
embodiment of the present OFDM coherent detection 
system. The same members as those in Fig.8 show the 
same members. It is assumed that the OFDM coherent 
detection system in Fig.9 processes a signal having tiie 
format shown in Fig.6. 

[0104] The OFDM coherent detection system in 
Fig.9 comprises a symbol timing detection circuit 201, 
an S/P (serial to parallel) conversion circuit 202, an FFT 
(Fast Fourier Transform) circuit 203, a P/S (parallel to 
serial) conversion circuit 204, a switching circuit 205. a 
running average filter 206 for two symbols, a preamble 
signal storage circuit 207, a channel estimation circuit 
208, a vector difference detection circuit 509, a fre- 
quency-domain filter 210, an output selection circuit 
511, a hold circuit 212, a division circuit 213. a decision 
circuit 214 and a control circuit 215. 
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[0105] The vector difference detection circuit 509 
constitutes a characteristic extraction circuit A. The fre- 
quency-domain filter 21 0 and the output selection circuit 
51 1 constitute an adaptive filter B. 
[0106] In Fig.9. the channel estimation circuit 208 
carries out channel estimation based upon two input 
signals a208 and a209. In other words, the signal a208 
which carries a preannble signal in a receive vector of a 
subcarrier in a receive OFDM signal is divided by a sig- 
nal a209, which is provided by the preamble signal stor- 
age circuit 207 as a reference transmit vector. Thus, 
transfer function or attenuation in propagation path is 
estimated for each channel of a subcarrier. 
[0107] The signal a210 which is an output of the 
estimation circuit 208 is applied to the vector difference 
detection circuit 509 and the frequency-domain filter 
210. The signal a210 carries a plurality of signal compo- 
nents of subcarriers sequentially. 
[0108] The OFDM coherent detection system in 
Fig.9 has the vector difference detection circuit 509, 
instead of the amplitude detection circuit 409 and the 
phase rotation detection circuit 416 in Fig.8. 
[0109] The vector difference detection circuit 509 
detects the absolute value of the vector difference of the 
input signal a210, without separating amplitude and 
phase from the vector. The vector difference detection 
circuit 509 provides an output signal a512 which carries 
a quantized value of the vector difference of signal com- 
ponents between a previous subcarrier and a cun'ent 
subcarrier. Therefore, the signal a512 is the vector dif- 
ference between adjacent two subcarriers. 
[0110] The output selection circuit 51 1 selects one 
of the outputs SG3, SG5 and SG7 of the frequency- 
domain filter 210. as shown in Fig.2. The selected signal 
is the output signal a513. 

[0111] Therefore, the OFDM coherent detection cir- 
cuit in Fig.9 determines the characteristic of the fre- 
quency-domain filter 210 according to the vector 
difference between subcarriers in the signal a2l 0. 
[0112] Therefore, the accurate estimation of each 
channel transfer function or attenuation is carried out. 
even when the variations of both the amplitude and the 
phase rotation between channels are large as shown in 
Figs.1 and 3. 

[0113] In order to confirm the effect of the present 
OFDM coherent detection system, a computer simula- 
tion has been carried out. The simulation assumes the 
following conditions, and calculates packet error rate of 
the system In Fig.8 (present invention), and Fig.16 (prior 
art). 

Format of receive signal; same as Fig. 6 
Modulation system of subcarrier; 16 QAM 
Error correction; convolutional coding with coding 
ratio 1/2. and decoding by Vitabi algorithm 
Symbol timing detection; ideal 
Transmit packet length; 64 bytes 


[0114] Transmission path assumes Rayleigh fading 
environment (delay spread (r.m.s.)=150 nS) of 30 
waves with O.B.O (Output Back Off)=5 dB. considering 
non-linearity of a transmit amplifier. 

5 [0115] Fig. 10 shows the result of the simulation. In 
Fig. 10. the horizontal axis shows Eb/No (dB) (ratio of 
signal energy for each bit and one-sided spectral den- 
sity of additive white Gaussian noise), and the vertical 
axis shows packet error rate (PER). 

10 [0116] It should be noted in Rg.10 that the present 
invention has improved Eb/No by 0.5 dB when 
PER=0.1. Therefore, the present invention provides 
accurate channel estimation, suppresses degradation 
of PER. and improves the total performance. 

15 

(Fifth embodiment) 

[0117] A subcarrier No.32 in Fig.1 has high anrpli- 
tude and large difference from that of an adjacent sub- 

20 carrier. When an amplitude is high and difference from 
that of an adjacent subcarrier is large, if a tap coefficient 
of a filter is determined only depending upon amplitude, 
the filter would have large tap coefficient, and would not 
follow the frequency-domain change. Therefore, a tap 

25 coefficient must further be controlled by a characteristic 
value which indicates variation from an adjacent sub- 
carrier. 

[0118] Therefore, according to the present embodi- 
ment, an adaptive filter is controlled according to not 

30 only an amplitude of a siAjcarrler but also a vector differ- 
ence between two adjacent subcarriers. 
[01 1 9] Fig. 1 1 shows an explanation off a vector dif- 
ference. In Fig.1 1 . a signal plane Is defined of each sub- 
carrier in direction of frequency, and a receive signal 

35 vector (an estimated signal vector) is shown on the sig- 
nal plane. It is assumed for simplicity that all the carriers 
have the signal point (Ich. Qch)=(0, 1), and suffer from 
only amplitude variation. 

[01 20] In Fig. 1 1 . a vector difference between a sub- 
40 carrier #A and a subcarrier #A+1 close to the point A, 
and a vector difference between a subcarrier #8 and a 
subcarrier #B+1 close to the point B appear the same. 
Therefore, the present embodiment takes not only vec- 
tor difference but also amplitude of a subcarrier by 
45 weighting them, so that a filter can follow the change in 
frequency domain even when variation of channel trans- 
fer function or attenuation in frequency domain is large 
and delay spread is large, and degradation of channel 
estimation by noise is suppressed. 
50 [0121] Fig.12 shows a block diagram of the current 
embodiment, which assumes to process a signal format 
of Fig.6. and the same numerals as those in Fig.5 show 
the same members. 

[0122] The coherent detection system in Fig.12 
55 comprises a running average filter 206 of two symbols, 
an amplitude detection circuit 209. an vector difference 
detection circuit 509 a frequency-domain filter 210, a 
multiplier circuit 417 and an output selection circuit 21 1 . 
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[01 23] The running average filer 206 of two symbols 
receives preamble signals a207, and provides running 
average of two preamble signals in time axis. Th$ ampli- 
tude detection circuit 209 receives a channel estimation 
signal a210, and provides amplitude detection signal 5 
a212 depending upon amplitude of the estimated chan- 
nel signal. The vector difference detection circuit 509 
receives the channel estimation signal a210, and pro- 
vides an output signal a5l2 which is vector difference 
between a previous subcarrier and a current subcarrier. w 
The multiplier circuit 417 receives the amplitude detec- 
tion signal a212 and the vector difference detection sig- 
nal a512. and provides the product of those two signals 
as the characteristic value of a receive packet. The fre- 
quency-domain filer 210 receives a channel estimation 15 
signal a210, and provides a three-taps output, a five- 
taps output and a seven -taps output as shown in Fig. 2, 
as fater outputs a211 (SG3, SG5, or SG7). The output 
selection circuit 211 selects one of the outputs of the fil- 
ter depending upon the output signal a21 1 b of the mul- 20 
tiplier 41 7. 

[0124] A characteristic extraction circuit A is com- 
prised of the amplitude detection circuit 209. the vector 
difference detection circuit 509. and the multiplier drcurt 
41 7. An adaptive filter B is comprised of the frequency- 25 
domain filer 210 and the output selection circuit 211. 
[0125] A receive signal a201 is applied to the sym- 
bol timing detection circuit 201 which detects a symtx)! 
timing. An output a202 of the symbol timing detection 
circuit 201 is applied to the S/P conversion circuit 202. 30 
The converted parallel signal a203 is applied to the FFT 
circuit 203 which carries out OFDM demodulation and 
provides receive vector a204 of each subcarriers. The 
P/S conversion circuit 204 carries out the p)ara!lel to 
serial conversion of a subcarrier receive vector signal 35 
a204, and provides the serial signal a206. 
[0126] On the other hand, the timing signal a218 is 
applied to the control circuit 215, which provides a con- 
trol signal a205. The cornrol signal a205 is applied to 
the switching circuit 205 which carries out the switching 40 
of a preamble signal and a data signal of a receive sig- 
nal, and a hold circuit 212 which holds a signal during a 
channel estimation signal hold time. The switching cir- 
cuit 205 switches a preamble signal a207 and a data 
signal a215 according to the control signal a205. The 45 
preamble signal a207 is applied to the running average 
filter 206 which provides average of two preambles in 
time axis. The output a208 of the average filter 206 Is 
applied to the channel estimation circuit 208 which car- 
ries out the channel estinnation by using the reference so 
preamble signal in the preamble signal storage circuit 
207. 

[0127] The channel estimation signal a210 is 
applied to the amplitude detection circuit 209 which 
measures amplitude of the estinnated channel signal 55 
a210 and provides the amplitude detection signal a212. 
Further, the channel estimation signal a210 is applied to 
the vector difference detection circuit 509, which pro- 


vides vector difference detection signal a512 between a 
previous subcarrier and a current subcarrier. The ampli- 
tude detection signal a212 and the vector fiifference 
detection signal a512 are applied to the multiplier circuit 
417, which provides the characteristic value depending 
upon each receive packet. The channel estimation sig- 
nal a21 0 is further applied to the frequency-domain filter 
210. which provides filter outputs a21l. The output 
selection circuit 211 selects one of the filter outputs 
a21 1 according to the product a21 1 b of the output of the 
multiplier circuit 417 so that the larger the product 
a21 lb is, a filter output relating to the larger tap coeffi- 
cient is selected. 

[0128] The output selection signal a213 is applied 
to the hold circuit 212. which holds the output selection 
signal a213 during the channel estimation signal hold 
period according to the control signal. The output a214 
of the hold circuit 212 is applied to the divider circuit 213 
which also receives a data signal a215. so that the 
former signal a21 4 is divided by the latter signal a21 5 to 
perform coherent detection. The coherent detection sig- 
nal a216 is applied to the decision circuit 214, which 
provides an output data a217. 

(Sixth embodiment) 

[0129] Fig.13 is a block diagram of still another 
embodiment of the present coherent detection system. 
It is assumed that the system in Fig.13 processes a sig- 
nal format shown in Fig.6, and the same numerals as 
those in the previous embodiments show the same 
members. 

[0130] The feature of this embodiment Is, first, a 
phase compensation circuit 1219 Is provided at an input 
of an adaptive filter 210 so that a constant phase rota- 
tion in a signal is removed before a signal is applied to 
the adaptive fitter 210. Another feature of this embodi- 
ment is that a phase compensated extrapolation circuit 

1218 is provided at an input of said compensation circuit 

1219 so that signals out of the pass band are phase- 
compensated and extrapolated into a signal. Said sig- 
nals out of the pass band are necessary for an adaptive 
filter B when the adaptive filter B processes a subcarrier 
close to ends of the pass band. Still another feature of 
this embodiment is that a subcarrier phase compensa- 
tion circuit 1217 is provided at an input of a characteris- 
tic extraction circuit A so that phase rotation between 
adjacent subcarriers is compensated for characteristic 
extraction. 

[0131] Fig.13 shows an embodiment that all of the 
phase compensation circuit 1219. the phase-compen- 
sated extrapolation circuit 1218. and the sut^rrier 
phase compensation circuit 1217 are provided, and 
those features are added to the embodiment of ng.12. 
It should be noted that those features may also be 
added to another embodiment, for instance the embod- 
iment of Fig.8, and further it is possible to those skilled 
in the art tiiat one or two of three features may be added 
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to any previous embodiment. 

[0132] In Fig. 13, a receive signal a201 is applied to 
a symbol timing detection circuit 201 for detecting a 
symbol timing. A timing signal a202 is applied to a con- 
trol circuit 215. which provides a control signal a205. 
The control signal a205 determines the timing for open- 
ing a receive OFDM window, for switching a preamble 
part and a data part of a receive signal, and for holding 
a channel estimation signal- A receive signal a201 is 
further applied to a S/P (serial to parallel) conversion 
circuit 202 which outputs an OFDM symbol according to 
the control signal and provides an output signal a203 in 
parallel form. The signal a203 is applied to an FFT (Fast 
Fourier Transform) circuit 203 which carries out OFDM 
demodulation and provides a receive vector a204 of a 
subcarrier. A P/S (parallel to serial) conversion circuit 
204 converts the signal into serial form and provides an 
output signal a206 in serial form. A switching circuit 205 
switches the signal a206 into a preamble signal a207 
and a data signal a215 according to the control signal 
a205. The preamble signal a207 is applied to a running 
average filter 206 which provides an average of two 
symbols on time axis. An output a208 of the running 
average filter 206 is applied to a channel estimation cir- 
cuit 208. which further receives a reference preamble 
a209 from a preamble signal storage circuit 207, and 
carries out channel estimation. A channel estimation 
signal a210 is applied to an amplitude detection circuit 
209. Further a channel estimation signal a210 is applied 
to a subcarrier phase compensation circuit 1217 which 
carries out the phase compensation according to the 
following equation, and provides a phase compensation 
signal s221. 

where Pj is a receive signal of each subcarrier, and 0 is 
phase rotation between adjacent two subcarriers. 
[0133] The channel estimation signal a210 is fur- 
ther applied to the phase-compensated extrapolation 
circuit 1218, which extrapolates a signal out of the pass 
band by using the most extreme subcarriers for the filter 
process, and then phase of each extrapolated signal is 
compensated. 

[0134] The extrapolated signal s222 is applied to 
the phase compensation circuit 1219 which compen- 
sates constant phase error, and provides the phase 
compensated output signal s223 to the frequency- 
domain filter 210. The frequency-domain filter 210 pro- 
vides the smoothed filter output a21 1 in frequency axis. 
[0135] The amplitude detection circuit 209 detects 
the amplitude of the estimated signal a210. and pro- 
vides the amplitude detection signal a212. The phase 
compensated signal s221 is applied to the vector differ- 
ence detection circuit 509. which provides the vector dif- 
ference output a512 between a previous subcarrier and 
a current subcarrier. The amplitude detection signal 
a212 and the vector difference detection signal a512 


are applied to the multiplier 417, which provides the 
characteristic value of a receive packet by the product of 
two inputs. The output selection circuit 211 selects one 
of the filter outputs according to the output a21 1 b of the 

5 multiplier 417. Then, the selected signal a213 is applied 
to the hold circuit 212, which holds the selected output 
signal a213 for channel estimation signal hold period 
according to the control signal a205. The output a214 of 
the hold circuit 212 is applied to the divider circuit 213. 

,0 which also receives a data signal a215, and provides 
the equalization of an input channel transfer function, or 
coherent detection. The coherent detection signal a216 
is applied to the decision circuit 214, which decides a 
data (1 or 0) and provides an output data a21 7. 

15 

(Seventh embodiment) 

[01 36] Fig. 1 4 shows a block diagram of still another 
embodiment of the present coherent detection system. 

20 The same numerals as those in the previous embodi- 
ments show the same members. 
[0137] The feature of the ennbodiment in Fig. 14 is 
that an adaptive filter B is controlled according to modu- 
lation system of each subcarrier. For instance, when a 

25 number of multiplicity n of modulation is large (when a 
number n of nOAM modulation system is large), an 
adaptive filter is controlled so that a bandwidth of the fil- 
ter is wide. 

[0138] It is assumed in the present embodiment 
30 that a preamble signal as shown in Fig. 15 is used for 
channel estimation. In Fig. 15. an information indicating 
modulation system of a subcarrier is transmitted from a 
transmit side. 

[0139] In Fig. 14, a receive signal a201 is applied to 

35 a symbol timing detection circuit 201 which detects 
symbol timing. The timing detection signal a202 is 
applied to a control circuit 21 5. which provides a control 
signal. The control signal is used for determining to 
open a receive OFDM window, a timing to switch a 

40 receive signal into a preannble part and a data part, and 
a period to keep a channel estimation signal. A receive 
signal a201 is further applied to a S/P (serial to parallel) 
conversion circuit 202 which outputs OFDM symbol 
according to the control signal. The S/P conversion sig- 

45 nal a203 is applied to an FFT (Fast Fourier Transform) 
circuit 203 for OFDM demodulation, and provides a sub- 
carrier receive vector signal a204. A P/S (parallel to 
serial) conversion circuit 204 converts a subcan-ier 
receive vector signal in parallel form into serial form, 

so and provides the converted serial output signal a206. 
The switching circuit 205 switches a receive signal into 
a preamble signal a208 and the other signal a215. 
[0140] The channel estimation circuit 208 carries 
out the channel estimation by using a reference pream- 

55 ble signal a209 stored in the preamble signal storage 
circuit 207. and provides channel transfer function or 
attenuation a210 of each subcarrier. The channel esti- 
mation is possible not only by using only a preamble sig- 
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nal, but also by first estimation of channel transfer 
function or attenuation by using a preamble signal and 
secondly updating the estimated value by using a data 
after data decision through reverse modulation. The 
channel estimation signal a210 is applied to the fre- 
quency-domain filter 210. and an output a213 of the fre- 
quency-domain filter 210 Is applied to a hold circuit 212. 
The hold circuit 212 keeps an output a2l3 of the filter 
210 for hold time of channel estimation signal according 
to the control signal. The divider circuit 213 receives a 
signal a215 which excludes a preamble signal and an 
output signal a214 of the hold circuit 212, and carries 
out channel equalization or coherent detection, and pro- 
vides a coherent detection signal a216. The switching 
circuit 2212 switches a coherent detected signal into an 
information s2212b which shows subcarrier modulation 
system and data signal s2212a. The information 
s2212b of the subcarrier modulation system is applied 
to a demodulation circuit 2214 of a subcarrier modula- 
tion system to measure the modulation system of sub- 
carriers. The measured modulation system is an output 
signal s2214, which is applied to the frequency-domain 
filter 210 for selecting tap coefficients. 

(Effect of the Invention) 

[0141] As described above in detail, according to 
the present multicarrier coherent detection system, a fil- 
ter output is selected according to actual environment of 
each channel, and therefore, an accurate channel esti- 
mation Is obtained as compared with a prior art There- 
fore, an improved coherent detection system is obtained 
with a little increase of size of a circuit. 
[0142] From the foregoing it will now be apparent 
that a new and improved multicarrier coherent detection 
system has been found. It should be appreciated of 
course that the embodiments disclosed are merely illus- 
trative and are not intended to limit the scope of the 
invention. Reference should be made to the appended 
claims, therefore, for Indicating the scope of the inven- 
tion. 

Claims 

1 . A coherent detection system for multicarrier modu- 
lation system comprising; 

A Fourier transform circuit for receiving multi- 
carrier modulation signal modulated with a plu- 
rality of subcarriers, carrying out block 
demodulation of said multicarrier modulation 
signal so that receive vector signal of each sub- 
carriers is obtained, 

a channel estimation means which divides said 
receive vector signal of each subcarriers of an 
output of said Fourier transform circuit, by a ref- 
erence transmit vector signal or a transmit vec- 
tor obtained by demodulation of a receive 


signal, so that transfer function or attenuation 
of each subcarriers on propagation is esti- 
mated. 

a filter means for smoothing estimated channel 
5 transfer function or attenuation from said chan- 

nel estimation means among subcarriers, 
a divider means for dividing said receive vector 
signal by estimated channel transfer function or 
attenuation from said filter means so that said 
10 receive vector signal is coherent detected. 

said filter means is an adaptive filter constituted 
by a transversal filter providing a plurality of 
outputs each related to at least one of a 
number of taps and tap coefficient of each taps. 
15 a characteristic extraction circuit receiving esti- 

mated channel attenuation of each subcarriers 
obtained by said channel estimation means is 
provided, 

a selection circuit for selecting one of said out- 
20 puts of said filter means is provided. 

wherein said selection circuit selects one of 
outputs of said adaptive filter for each subcarri- 
ers according to an output of said characteristic 
extraction circuit so that channel estimation for 
25 each subcarriers is improved. 

2. A multicarrier coherent detection system according 
to claim 1 . wherein said characteristic extraction cir- 
cuit provides estimated amplitude of each subcarri- 

30 ers. 

3. A system according to claim 1 or claim 2. 

wherein said characteristic extraction circuit 
provides estimated phase rotation between adja- 
35 cent subcarriers. 

4. A system according to any of the preceding claims, 

wherein said characteristic extraction circuit 
provides product of estimated amplitude and esti- 
40 mated phase rotation of each subcarriers. 

5. A system according to any of the preceding claims. 

wherein said characteristic extraction circuit 
provides vector difference between adjacent sub- 
45 carriers. 

6. A system according to any of the preceding claims. 

wherein said characteristic extraction circuit 
provides product of estimated amplitude of each 
50 subcarriers and vector difference between adjacent 
subcarriers. 

7. A system according to any of the preceding claims, 

wherein said selection circuit selects an out- 
55 put of said adaptive filter so that the larger an output 
of sakJ characteristic extraction circuit is. the larger 
tap coefficient of said adative filter is. 
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8. A system according to any of the preceding claims, 

wherein a symbol timing detection circuit for 
detecting symbol timing in said multicarrier modula- 
tion signal is provided, and said Fourier transform 
circuit operates to a multicarrier modulation signal 5 
which a symbol timing is detected. 

9. A multicarrier coherent detection system according 
to claim 8, wherein a phase compensation means Is 
provided between said channel estimation means 10 
and said adaptive filter, so that said phase compen- 
sation means receives estimated channel attenua- 
tion of an output of said channel estimation means, 
compensating constant phase rotation of an input 
signal of the phase compensation means due to an is 
error of an OFDM symbol timing window in sard 
symbol timing detection circuit, and applying an 
output of the phase compensation means to an 
Input of said adaptive filter. 

10. A muHicarrier coherent detection system according 
to claim 8 or claim 9. wherein: 

a phase-compensated extrapolation means 
and a phase compensation means are pro- 
vided between said channel estimation means 
and said adaptive filter, 

said phase-compensated extrapolation means 
receives said estimated channel attenuation of 
subcarrlers at extreme ends In pass band, 
effecting phase compensation to a received 
signal according to constant phase error 
between subcan^iers due to an error of an 
OFDM symtx)l detection window in said symbol 
timing detection means, and extrapolates 
phase compensated signal, when signals out 
of the pass band is requested In said adaptive 
filter for processing a subcan-ier close to end of 
the pass band, 

said phase compensation means receives esti- 
mated channel attenuation within the pass 
band and extrapolated signals out of the pass 
band provided by said phase-compensated 
extrapolation means, effecting compensation 
of constant phase rotation in received signals, 
and applying phase compensated signals to 
said adaptive filter 

1 1 . A system according to any of claims 8 to 1 0. 

wherein a characteristic value compensation 
means (1217) Is provided between said channel 
estimation means (208) and said characteristic 
extraction means (A), so that said characteristic 
value compensation means (1217) receives an out- 
put of said channel estimation means (208) includ- 
ing constant phase error due to OFDM symbol 
detection window error In said symbol timing detec- 
tion means, compensating said constant phase 


error and applying phase compensated signal to 
said characteristic extraction means (A). 

12. A multicarrier coherent detection system according 
to any of the preceding claims, wherein: 

an extrapolation means is provided between 
said channel estimation means and said adap- 
tive filter, 

said extrapolation means receives said esti- 
mated channel attenuation of subcarrlers. and 
extrapolates said estimated channel attenua- 
tion of subcarriers at extreme ends in pass 
band, when signals out of the pass band is 
requested In said adaptive filter for processing 
a subcarrler close to end of the pass band. 

1 3. A system according to any of the preceding claims, 

wherein said adaptive filter means Is control- 
led by a measured signal of modulation system of 
each subcarrler. 

14. A multicarrier coherent detection system according 
to any of of claims 1 -13, wherein said adaptive filter 
means is a transversal filter which controls band- 
width of the filter by a number of taps and tap coef- 
ficient of each taps of the filter. 
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